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At the end of this lecture summary students will be able to identify 

composite materials, their classification and the reasons for their 

development and use.
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•The advent of composites as a distinct class of (man made) materials 

can be traced back to the mid 20th century, with fibre reinforced 

plastics.

•But as will be discussed these composites were not the earliest used 

by mankind.

•One composite that has had a profound effect on our quality life is 

concrete. This cheap structural engineering material has been 

increasingly employed since the 1960’s , making  housing affordable 

and within reach of most.  It is also the major structural component of 

large scale engineering constructions, for example, motorway bridges.

•In contrast carbon fibre composites are not cheap (although there is 

always a drive to reduce costs).

•The advent of carbon fibres has been driven by high performance 

demands. The example shown here is a high performance race car, 

where there is extensive use of composites in the chase to reduce 

weight, without compromise on strength.

•In this lecture summary we will explore the different types of 

composites and why they are used and the relationship between their 

structure and performance.
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•The wide variety of different composites and their applications are 

illustrated in this slide, showing the use of composites in the Airbus 

380.

•Throughout the body of the 380 composites are employed.

•The different combination of materials include glass fibre reinforced 

composites, carbon fibre reinforced composites and fibre reinforced 

metal composites. These composites have progressively replaced the 

more traditional engineering materials, metals, metal alloys etc.

•The slide also illustrates that it is not just the application of composites 

but also their lay up that provides enhanced performance (rhs).
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•Composites are comprised of two or more materials such as glass 

fibres in a polymer matrix. 

•They are seen as multiphasic materials where in combination a 

superior performance is realised.

•Composites combine low density with high strength.



•The engineering/structural advantages of combining dissimilar 

materials is not a man made discovery.

•Over billions of years nature has built her own composites. A great 

example is wood. Cellulose fibre reinforcement of a lignin matrix 

provides a strong, structural material that can resist large 

compressions.

•A feature to note here, that we will return to, is the direction of fibre 

reinforcement.

•That is the cellulose fibres are not orientated randomly, but are aligned 

to provide optimal tensile strength in the direction it’s required.
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•The simplest composite materials are composed of just two phases.

•The first is termed the matrix, which is continuous and surrounds the 

other phase which is often called the dispersed phase.

•In the schematic shown we see that in (a) there is a change in the 

concentration of the dispersed (fibre) material.

•In (b) the size of the dispersed phase, (c) shape, (d) the distribution, 

and in (e) the orientation.

•All these will effect the final performance of the composite.
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•To obtain a significant contribution from each phase to the overall 

property of the composite there is the requirement that there needs to 

be a significant presence of each phase.

•This is usually described in terms of the volume fraction of each 

phase; a point we will return to later.

•The dispersed phase is added to enhance the properties of the matrix 

material. These properties are usually mechanical properties such as 

Young’s modulus, tensile strength, etc.

•The matrix phase is continuous. This phase fills volume, provides 

shape and also protects the dispersed phase. It is important that there 

is a transfer of stress from the matrix to the dispersed phase and the 

matrix is usually a fairly ductile material.

•The three classes of composite then are the metal, ceramic and 

polymer matrix composites.



•There are 3 main divisions of composites; particle- and fibre-reinforced 

and structural.

•Within each of these divisions there are sub-divisions and each have 

an influence on the composite performance, processing and cost as we 

will see later.

•Points to further note are the following; In particle reinforcement, the 

particles are generally equiaxial; that is approx the same in all 

directions, but for fibre reinforcement there is a large difference in fibre 

length to fibre diameter, where l>> d.

•This has profound effects on the overall composite property, 

particularly the load bearing properties of the final composite.



•The first example of particle composites are the large particle 

composites. These are known as such because the interactions 

between the matrix phase and particle phase cannot be examined on a 

molecular, atomic level.

•Here the particle phase is generally tougher than the matrix and, in 

addition to acting as a cheap filler material, tend to resist localised 

deformations.

•Portland cement is an example of a large particle reinforced 

composite.



•Dispersion strengthened composites have much smaller particle sizes 

whose interactions with the matrix can be seen at the molecular level.

•These particle-matrix interactions at the molecular level increase the 

overall strength of the composite.

•The small particles also resist dislocation motion throughout the 

composite in a similar manner to the pinning of precipitate hardened 

metals.
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•Returning to large-particle reinforcement the key points are that the 

particles should be evenly distributed throughout the matrix.

•The composite’s mechanical properties are increased with increasing particulate content; increasing this 

increases the interfacial area between the particulate and the matrix.

•For dispersed strengthened composites, the matrix supports the load 

whilst small particles act to stop crack propagation through the matrix 

material.
•We can see examples of particulate composites with all three material types (metals, polymers and 

ceramics).



•The properties of the composite reinforced with large particle filler can 

be predicted using 2 rule of mixture equations.  

•Let’s consider using for example the elastic modulus.

•The anticipated upper and lower values for E can be obtained from 

two fairly simple equations.

•The upper value is given by E subscript c, the elastic modulus of the 

composite equals the product of the matrix volume and elastic modulus 

plus the product of the particle volume and elastic modulus. We can 

see from this equation that the greater the volume fraction of particle 

the greater E subscript c.

•The lower limit of E subscript c is given by a similar, proportional 

equation here in blue. Interestingly this equation is expressed in 

reciprocal terms.

•Again the overall effect of a greater volume of particle is to produce a 

stiffer composite. 

•When experimental data for a Cu matrix reinforced with tungsten 

particles is plotted as seen here we see excellent agreement with the 

theory as the values all fall between the two limits.



•We find large particle composites with all 3 major classes of materials 

(metals, ceramics and polymers).

•Cermets are ceramic reinforced metal matrices. In the example shown 

at the top of the slide, hard particles of ceramic carbide (WC, or TiC) 

reinforce a ductile metal matrix (Co).

•Cermets are extensively used in cutting tools. The Carbide particles 

provide the cutting surface, but the carbides are brittle and the required 

toughness is provided by the metal matrix. It also dissipates heat 

during cutting.

•A further example at the bottom of the slide is the use of carbon 

particles (carbon black) to enhance the strength and toughness, tear 

and abrasion resistance of rubber (the matrix material).

•In these two examples the relative sizes of the particle phase is quite 

different. Almost three orders of magnitude.  The much larger carbide 

particles provide a cutting surface. But in the case of the carbon filler, 

the dispersed phase acts to impeded crack propagation. 



•A further example that we started this lecture summary with is 

concrete.

•Here the matrix material cement is reinforced by two particle fillers; 

gravel and sand.  

•These 2 fillers are very different in size.  The much smaller sand 

particles fill voids between the larger gravel particles.

•For effective reinforcement it is important that the cement thoroughly 

wets the 2 particle fillers.  This is why the proportion of cement to water 

is important. 

•However even with these 2 particle reinforces, cement (concrete) is 

still relatively weak and brittle. 

•Whilst the compressive strength of concrete is good, the tensile 

strength is poor.

•For this reason it has become common practice to further reinforce 

with steel bars (rebar) or mesh. This increases strength, particularly 

when the concrete begins to crack.

•Another approach to enhancing the tensile strength of concrete is to 

put the steel into tension as the concrete sets around the steel.



•So in summary composites are classified by both the matrix materials 

and structure.

•Generally the filler material enhances the mechanical properties of the 

matrix material.
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If you have any questions or desire further clarification please post a 

question or comment on the Engineering Materials Discussion Forum.
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